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The concept of using j e t  eogines fo r  a heat source was developed 

CU t o  provide an expedient and economical means fo r  heating large quantit ies 43 
of high-pressure a i r .  Such a i r  i s  needed for  f a c i l i t i e s  where fu l l -  

scale components of current and future air-breathing engines w i l l  be 

investigated for  performance. 

The requirement for the f i r s t  f a c i l i t y  was se t  a t  285 pounds of a i r  

per second a t  100 psig and 1200' F a t  the  t e s t  s i t e .  

A search for  commercially available equipment indicated a sparcity 

of tr-ied and proven equipment tha t  would f u l f i l l  the need. A t  best  a 

multiple uni t  arrangement was proposed by the industry; but, upon examina- 

t ion the multiple uni t  was found t o  be too cumbersome for  the  available 

space and prohibitive i n  cost. 

The al ternate  choice appeared t o  be the rehabi l i ta t ion of an ex is t -  

ing heat exchanger which was located i n  the close proximity of Che new 

f a c i l i t y ,  t o  heat the a i r  t o  600° F, The=, t h i s  heat exchanger could be 

topped with two in-house design shell-tube heaters i n  para l le l ,  each 

f i r ed  with an A i r  Force surplus J-57 j e t  engine equipped with an in-house 

design afterburner, ( f i g .  1). 

The topping heater ( f i g .  2)  consists of a bundle of 639 stainless-  

s t e e l  tubes which have an outside diameter, 1.5-inch, 0.083-inch wall, 

and are 31.5 fee t  long. The tubes are spaced a t  a 1,875-inch pitch 



tr iangular pattern,  rolled, and welded a t  each end i n  a tube sheet. The 

outer she l l  i s  made of 3/4-inch s ta in less  s tee l .  An expansion joint i s  

provided t o  accommodate the r e l a t ive  expansion between the tube bundle 

and the she l l  due t o  temperature differences. The tubes a re  intermit tent ly  

supported by baf f les  which are t i e  bolted t o  a tube sheet, and provide 

freedom t o  the  tubes t o  move through the i r  sockets. Heating gas and 

heated a i r  are made counterflow: gas through the  tubes, and a i r  across 

and pa ra l l e l  through the spaces surrounding the tubes. 

I n  design calculations, tube sizes,  lengths, and spacings were 

optimized for u t i l i z ing  the  maximum available pressure drops i n  s t r iving 

for maximum overal l  heat-transfer coefficients,  I n  as much as the a i r  

flow pattern i s  an indeterminant combination of pa ra l l e l  and cross flow, 

the more conservative coefficient values for  pa ra l l e l  flow were used. 

The actual  t e s t  r e su l t s  showed a 20-percent-higher overall  heat-transfer 

coefficient than the assumed values a t  the design point. 

The afterburner consists of two concentric annular V-shape "gutters" 

interconnected with s ix  rad ia l  "gutters" forming a wheel. The gut ters  

are made of perforated type-316 s tainless-s teel  sheets welded t o  a pipe 

a t  t h e i r  apex. The pipes in  each gutter serve as fue l  manifolds. Natural 

gas from the 50-psig dis t r ibut ion system i s  injected through or i f ices  

d r i l l e d  i n  the pipe manifolds, I n i t i a l l y  an igni t ing burner was located 
b 

a t  the center of the  wheel t o  igni te  the gut ters  rad ia l ly  outward. The 

hot environment i n  the center of the  afterburner and the re la t ive  inacces- 

s i b i l i t y  made the maintenance of the  ign i t e r  burner burdensome. An 



al ternate  arrangement of two igni te rs  located 180 degrees apart i n  the 

outer periphery, just  ahead of the outer gut ter ,  proved more sat isfactory 

from a maintenance standpoint. 

The afterburner was designed with a capabili ty t o  r a i se  the engine 

exhaust gas temperatures by up t o  600' F. Because of materials Limita- 

t ions,  an average temperature cei l ing of 1500' F was imposed with per- 

missible spot variations of 5 0 0 °  F a t  the  face of the i n l e t  tube sheet. 

During the ea r l i e r  runs the variations exceeded the allowed +loo0 I?. 

The condition of the  center of the  tube sheet running consistently cooler 

was at t r ibuted t o  the shadow cast by the igni tor .  Upon relocation of the 

igni tor ,  a few more fue l  or i f ices  were d r i l l e d  i n  the  spokes near the 

center of the wheel; t h i s  materially helped t o  even out the temperature 

dis t r ibut ion.  

The conversion of the engines t o  use natural  gas necessitated using 

a compressor t o  boost the gas pressure from the dis t r ibut ion l i n e  pressure 

of a nominal 50 psig t o  a 250+ psig leve l  required by the engines, A 

two-stage reciprocating piston-type compressor was procured which had a 

rated capacity of 300 000 standard cubic fee t  per hour t o  300-psig 

pressure level.  An existing 1500-horsepower motor was u t i l i zed  t o  drive 

the compressor through a 3/1 gear reduction unit .  

Because of the remote location of the  compressor, dictated by space 

and operational man-power considerations, nearly 1006 fee t  of supply pip- 

ing was "piggy backed" on existing overhead pipe l ines  t o  reach f'rom the 

compressor t o  the t e s t  ce l l .  During the  severely cold weather some 



d i f f i cu l t i e s  were experienced with f i l t e r s  clogging by ice  formed from 

the condensate i n  the  exposed pipe l ine .  This d i f f icu l ty  was overcome 

by reducing the aftercooling a t  the  compressor out let ,  thereby rais ing 

the gas temperature i n  the pipe, and by ins ta l l ing  centrifugal separators 

t o  eliminate condensation and i ce  before reaching the f i l t e r s .  As an 

added measure, the l i n e  w i l l  be insulated before another winter. 

The conversion of the engines and the  afterburners t o  use natural 

gas was prompted by three considerations. F i r s t  and most important was 

t o  combat poluttion. I n  as much as the t e s t  c e l l  i s  located i n  an area 

adjacent t o  one of the glide paths leading t o  neighboring Cleveland 

Hopkins Airport, the  use of tall stacks are prohibited. Exhaust from 

je t  fuels  discharged a t  a low l e v e l  could be objectionable t o  the labora- 

tory  personnel as well as t o  the nearby communities. 

A second consideration was the  economics, Natural gas i n  the Cleveland 

area, a t  the time of the design, cost indus t r ia l  users 0.53 cents per 1000 

cubic fee t ,  or 57 cents per million usable Btu. J e t  fuel,  on the other hand 

cost O e l l  cents per gallon, or $1.02 per usable million Btu. During opera- 

t ion  a t  the design rating, the cost saving i n  fue l  amounts t o  $186.00 

per hour. 

A f i n a l  consideration was the savings i n  logis t ics .  The existing 

l imited fue l  storage f a c i l i t i e s  would necessitate frequent del iver ies  of 

j e t  fue l  which would involve a great deal of manpower use. 

Therefore, three considerations;& cleanliness, economy, and con- 

venience undisputably favored the use of natural  gas i n  preference t o  

j e t  'f'uel. 



Based on t he  successful  operation of these  heat exchangers i n  

t he  first tes t  f a c i l i t y ,  a second and a l a rge r  f a c i l i t y ,  which is  now 

under construction, w i l l  a l so  be equipped ~ 5 t h  th ree  more of the  same 

s i z e  and type heat  exchangers. Provisions have been made t o  add a 

four th  un i t  a t  some fu ture  date. 



Figure 1. - Vertical profi le of engine afterburner and heat exchanger i n  test cell. 



Figure 2. - Heat exchanger. 
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